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(54) APPARATUS FOR RECORDING AND REPRODUCING INFORMATION 

(57) To improve the positioning accuracy which has 
been limited so far due to a vibration mode of an actua- i * . x 

tor for positioning a head and increase the capacity of 
an apparatus by raising the density of tracks for record- 
ing or reproducing Information. 

There are provided an information recording/repro- 
ducing medium, a head for recording or reproducing 
information while moving relatively to the information 
recording/reproducing medium, an actuator for support- 
ing the head and movable in accordance with a com- 
mand, and a control section for supplying a command to 
the actuator In accordance with a signal reproduced by 
the head to control the movement of the actuator, 

the actuator has at least one vibration mode in addi- 
tion to a movement mode as a rigid body, and 
the control section is configured by an internal 
model including at least one vibration mode of the 
actuator and has a state estimating section for esti- 
mating quantities of states of the vibration mode 
and rigid-body mode of the actuator in accordance 
with a controlled variable corresponding to a move- 
ment connmand to the actuator and a controlled- 
variable generating section for generating a control- 
led variat}le in accordance with each estimated 
quantity of state estimated by the state estimating 
section. 




Printed by Xerox (UK) Business Servtees 
2.16.7/3.6 



EP 0 969 465 A1 



Description 
Technical Field 

5 (0001 ] The present invention relates to a recording/reproducing apparatus for recording or reproducing information in 
or from a recordable and reproducible medium by a head, particularly to a disk drive for recording or reproducing Infor- 
mation in or from a magnetic recording/reproducing layer or an optical recording/reproducing layer formed on the sur- 
face of a discoid substrate made of aluminum, glass, or plastic by a recording/reproducing head such as a magnetic 
head or an optical pickup. 

10 

Background Art 

[0002] Disk drives including optical disk drives and magnetic disk units have been frequently used as external mem- 
ories because personal computers have been spread and advanced In recent years. Therefore, it is requested that 
75 these disk drives serving as external memories have a large capacity because computer software has been swollen 
and the capacity of data to be handled has been increased. 

[0003} Moreover, a disk drive making the most use of high speed and large capacity is being used not only for com- 
puters but also for digital AV units for recording or reproducing images and sounds by employing digital techniques and 
therefore, a large-capacity disk drive is desired in order to record and reproduce digital AV information including a lot of 
20 data. Particularly, a request for increasing the capacity of a high-speed magnetic disk unit has been enhanced more and 
more because the disk drive is widely applied and positioned as a core. 
[0004] A conventional magnetic disk unit will be described below. 

[0005] Figure 16 is a schematic illustration showing the conventional magnetic disk unit. In Figure 16. symbol 1 
denotes a magnetic disk. 2 denotes a magnetic head for recording or reproducing information in or from the magnetic 

25 disk 1 , 3 denotes an actuator for having the magnetic head 2 at its front end to perform positioning at an optional radius 
position of the magnetic disk 1 . 5 denotes a head amplifier for detecting and amplifying a reproduced signal of the mag- 
netic head 2, 4 denotes a controller for outputting a control signal for detecting a relative position of the magnetic head 
2 to the magnetic disk 1 in accordance with an output of the head amplifier 5 and setting the actuator 3 to a predeter- 
mined position on the magnetic disk 1 . and 6 denotes a driver for supplying the current corresponding to the control sig- 

30 nal to the actuator 3. Moreover, though not illustrated, the following are provided: a spindle motor for rotating tiie 
magnetic disk 1 , an interface section for transferring digital information to and from a host computer, a buffer and its con- 
trol section for storing the digital information and efficiently recording or reproducing the information in or from the mag- 
netic disk 1 , and a information recording/reproducing circuit. 

[0006] Then, operations of the conventional magnetic disk unit will be described below. When the magnetic disk 1 

35 records and reproduces information, it is rotated by a not-illustrated spindle motor at a constant speed. In this case, tiie 
magnetic head 2 is positioned onto the magnetic disk 1 and held by the actuator 3 while levitated at a position where 
the pressure of a suspension 3b provided for the front end of the actuator 3 and the working force of the air flow between 
a slider integrated witii a not-illustrated magnetic head 2 and the magnetic disk 1 are balanced. Positional information 
for detecting the deviation from each of concentric tracks (one track is shown as symbol a by a broken line in Figure 1 6), 

40 that is, servo information (shown by symbol b in Figure 16) Is previously recorded on each track of the magnetic disk 1. 
The servo information b is recorded on tracks every certain interval and thereby, the magnetic head 2 reproduces the 
servo information every certain time in accordance with the rotation of the magnetic disk 1 . A region in which the servo 
information is recorded is referred to as servo region. Thus, information is recorded or reproduced in or from regions 
otiier than the servo region and the regions are referred to as data regions. 

45 [0007] A reproduced signal of tiie magnetic head 2 is detected and amplified by the head amplifier 5 and tiiereby 
inputted to tiie controller 4. The controller 4 discriminates servo information in accordance with the inputted signal, com- 
putes a positional error to the target track a of the magnetic head 2, moreover computes a controlled variable necessary 
for driving the actuator 3 so as to reduce the positional error, and outputs a control signal. In this case, a control system 
for phase compensation or the like is used. The driver 6 supplies a necessary current to a driving coil 3c of the actuator 

so 3 in accordance with an inputted control signal. Thereby, a driving force is generated by the driving coil 3c and a per- 
manent magnet 3d set so as to face the coil 3c and the actuator rotates centering around a point c to always position 
the magnetic head 2 on the target track a. Under the above state, information is recorded or reproduced in or from the 
data region by the magnetic head 2. Therefore, a positioning control system of a closed loop for positioning a magnetic 
head on a target track is adopted to record or reproduce information. 

55 [0008] However, the above configuration causes the following problems. 

[0009] That is. to increase the capacity of a magnetic disk unit, it is necessary to increase the information volume 
which can be recorded in one track, ttiat is. to improve the track recording density or to form tracks in one magnetic disk 
as many as possit)le. that is. to improve the track density. In this case, when tiie track density is improved, in other 
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words, when the distance between adjacent tracks (that is, decreasing the track pitch) Is decreased, it is impossible to 
correctly record or reproduce Information unless pieces of the information In adjacent tracks are prevented from inter- 
fering each other when recording. or reproducing the information. Therefore, It is necessary to improve the positioning 
accuracy of the target track of a magnetic head and to expand the control bandwidthwidth of the positioning control sys- 
5 tern. 

[001 0] In case of the conventional method, expansion of a control bandwidthwidth. that is, expansion of the cutoff fre- 
quency of an open-loop transfer function is restricted due to the vibration mode resonant frequency of bend or twist of 
the arm section 3a, suspension 3b. or driving coil 3c of an actuator. Figure 17(a) shows the frequency-response char- 
acteristic of the actuator and Figure 17(b) shows an open-loop transfer function when applying phase compensation to 

10 the controller 4. As shown in Figure 17(b), because a phase delay occurs due to resonance nearby 2 kHz of the actu- 
ator, a control bandwidthwidth Is up to 400 Hz. Actually, It was possible to increase the control bandwidthwidth only up 
to 1/5 to 1/15 with respect to the resonant frequency of the vibration mode of the actuator because the control band- 
widthwidth must be set to a value lower than 400 Hz by considering dispersion and fluctuation. Therefore, improvement 
of the positioning accuracy of a magnetic head was limited and resultantly. it was difficult to Increase the capacity of a 

75 disk drive. 

Disclosure of the Invention 

[001 1] The present invention is made to solve the above problems and Its object is to provide an information record- 
20 Ing/reproducing apparatus including a magnetic disk unit, which makes it possible to increase the capacity of a disk 
drive by improving the positioning accuracy of a magnetic head. 

[0012] An apparatus of the present invention comprises an Information recording/reproducing medium, a head for 
recording or reproducing information while moving relatively to the information recording/reproducing medium, an actu- 
ator for supporting the head and movable in accordance with a command, and a control section for controlling move- 
rs ment by supplying a command to the actuator in accordance with a signal reproduced by the head, in which the actuator 
has at least one vibration mode in addition to the movement mode as a rigid body, the control section is configured by 
an internal model including at least one vibration mode of the actuator, and a state estimating section for estimating the 
quantities of states of vibration mode and rigid-body mode of the actuator in accordance with a reproduced signal of the 
head and a controlled variable corresponding to a movement command to the actuator and a controlled-variable gen- 
30 erating section for generating a controlled variable in accordance with each estimated quantity of state estimated by the 
state estimating section are included. 

Brief Description of the Drawings 

35 [00131 

Figure 1 shows a schematic block diagram of a magnetic disk unit of a first embodiment of the present invention; 
Figure 2 shows an Illustration for explaining the configuration of a controller of the first embodiment; 
Figure 3 shows frequency-response characteristic diagrams of an actuator of the first embodiment; 
40 Figure 4 shows frequency-response characteristic diagrams of a closed-loop characteristic of a magnetic disk unit 
of the first embodiment; 

Figure 5 shows an illustration for explaining the configuration of a controller of a second embodiment; 
Figure 6 shows frequency-response characteristic diagrams of an actuator of the second embodiment; 
Figure 7 shows frequency-response characteristic diagrams and a time-response diagrani of a closed-loop char- 
45 acterlstic of a magnetic disk unit of the second embodiment; 

Figure 8 shows an illustration for explaining the configuration of a controller of a third embodiment of the present 
invention; 

Figure 9 shows step-response characteristic diagrams of a magnetic disk unit of the third embodiment; 
Figure 10 shows an illustration for explaining the configuration of a controller of a fourth embodiment of the present 
so invention; 

Figure 1 1 shows a schematic block diagram of a magnetic disk unit of a fifth embodiment of the present Invention; 
Figure 12 shows an Illustration for explaining the configuration of a controller of the fifth embodiment; 
Figure 13 shows step-response characteristic diagrams of a magnetic disk unit of the fifth embodiment: 
Figure 14 shows a schematic block diagram of a magnetic disk unit of a sixth embodiment of the present invention; 
55 Figure 15 shows an illustration for explaining the configuration of a controller of the sixth embodiment; 
Rgure 16 shows a schematic block diagram of a corrventional magnetic disk unit; and 

Figure 17 shows frequency-response characteristic diagrams of the open-loop transfer characteristic of the con- 
ventional magnetic disk unit. 
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(Description of symbols) 
[0014] 

5 1 Magnetic disk 

2 Magnetic head 

3 Actuator 

4 Controller 

5 Head amplifier 
10 6 Driver 

7 Acceleration sensor 

Best Mode for Carrying Out the Invention 
15 [001 5] Embodiments of the present invention will be described below by referring to the accompanying drawings. 
(Embodiment 1) 

[001 6] Figure 1 shows a schematic block diagram of a magnetic disk unit showing an embodiment of the present 

20 invention, in which symbol 1 denotes a magnetic disk, 2 denotes a magnetic head for recording or reproducing informa- 
tion in or from the magnetic disk 1 . 3 denotes an actuator mounting the magnetic head 2 at its front end to perform posi- 
tioning at an optional radius position of the magnetic disk 1. 5 denotes a head anplifier for detecting and amplifying a 
reproduced signal of the magnetic head 2, 4 denotes a controller for outputting a control signal for detecting the relative 
position of the magnetic head 2 to the magnetic disk 1 in accordance with an output of the head amplifier and setting 

25 the actuator 3 to a predetermined position on the magnetic disk 1 , and 6 denotes a driver for supplying a current corre- 
sponding to the control signal to the actuator 3. Moreover, though not illustrated, the following are provided: a spindle 
motor for rotating the magnetic disk 1 . an interface section for transferring digital information to and from a host compu- 
ter, a buffer and Its control section for storing the digital information and efficiently recording or reproducing the informa- 
tion in or from the magnetic disk 1 , and an information recording/reproducing circuit. 

30 [001 7] Operations of the magnetic disk unit will be described below. When the magnetic disk 1 records or reproduces 
information, the magnetic disk 1 is rotated by a not-illustrated spindle motor at a certain speed, in this case, the mag- 
netic head 2 is positioned onto the magnetic disk 1 and held by the actuator 3 while levitated at a position where the 
pressure of a suspension 3b provided for the front end of the actuator 3 and the working force of the air flow between a 
slider integrated with a not-illustrated magnetic head and the magnetic disk 1 are balanced. Positional information for 

35 detecting the deviation from each of concentric tracks (one track is shown as symbol a by a broken line in Figure 16), 
that is, servo information (shown by symbol b in Figure 1 6) is previously recorded on each track of the magnetic disk 1 . 
The servo Information b Is referred to as a servo signal and recorded on tracks every certain interval and thereby, the 
magnetic head 2 reproduces the servo information every certain time in accordance with the rotation of the magnetic 
disk 1 . A region in which the servo signal is recorded is referred to as servo region. Thus, information is recorded or 

40 reproduced in or from regions other than the servo region and the regions are referred to as data regions. 

[0018] A reproduced signal of the magnetic head 2 is detected and amplified by the head amplifier 5 and thereby 
inputted to the controller 4. The controller 4 discriminates that the signal is a servo signal in accordance with the input- 
ted signal, conputes a positional error to the target track a of the magnetic head 2, moreover computes a controlled 
variable necessary for driving the actuator 3 so as to reduce the positional error, and outputs a control signal. The driver 

45 6 supplies a necessary current to the driving coil 3c of the actuator 3 in accordance with an inputted control signal. 
Thereby, a driving force is generated by the driving coil 3c and a permanent magnet 3d set so as to face the coil 3c. and 
the actuator rotates centering around a point c to always position the magnetic head 2 on the target track a. Under the 
above state, information is recorded or reproduced in or from the data region by the magnetic head 2. Therefore, a posi- 
tioning control system of a closed loop for positioning a magnetic head on a target track is adopted to record or repro- 

50 duce information. 

[001 9] Then, the internal configuration of the controller 4 will be described below in detail. Figure 2 shows the config- 
uration of the controller 4. In Figure 2. symbol 4a denotes a servo-signal detecting section for detecting a servo signal 
on the magnetic disk 1 and converting it into a digital signal. Symbol 4b denotes a controlled-variable computing section 
for computing a controlled varlat)le for positioning the magnetic head 2 on a track In accordance with detected servo 
55 Information, which Is realized with a microcomputer and software in which an operation algorithm Is described. Symbol 
4c denotes a digital-analog converting section for converting a digitally-computed controlled variable Into an analog 
control signal. Because a servo region is radially formed as shown in Figure 1 , servo information is detected at a con- 
stant frequency fs by the magnetic head 2 and the controlled-variable computing section 4b computes a controlled var- 
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iable whenever a servo signal is detected, that is, every cycle Ts of the frequency fs. In case of this embodiment, the 
frequency fs is set to 7,520 Hz and the cycle Ts is set to 0.13 ms. The digital-analog converting section 4c holds a dig- 
itally-computed controlled variable and updates an analog output whenever the controlled variable is updated, that is, 
every time Ts. 

5 [0020] The operation algorithm of the controlled-variable computing section 4b will be s described below. Figure 3 
shows frequency-response characteristics of the actuator 3. As shown in Figure 3, the actuator 3 has not only a mode 
as a rigid body but also a first vibration mode having resonance at a frequency close to 2.2 kHz and a second vibration 
mode having a resonance frequency of 3.9 kHz. When a controlled variable is computed by using a phase compensa- 
tion filter serving as a conventional operation algorithm for the actuator 3, it is already described that a control band- 

10 widthwidth can be expanded up to only 400 Hz due to the presence of the first vibration mode. Therefore, this 
embodiment considers up to the first vibration mode of the actuator 3, which is the largest factor for preventing expan- 
sion of a control bandwidthwidth. The state equation of the actuator 3 in the above case is shown by the following 
(Equation 1) by assuming a state variable as xn and an input current as u. 

(Equation 1) 
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50 [0021] In the above equation, symbol y denotes a radius-directional position to the magnetic disk 1 of the magnetic 
head and symbol G denotes a rotation angle of an actuator, which are shown by a relation of y = kyxO . Moreover, a ruby 
*" • " (dot) denotes time differentiation and q1 denotes the state variable of a vibration mode. Moreover, as for the equa- 
tion kv s kt/J , kt denotes a torque constant of a motor configured by the driving coil 3c and the permanent magnet 3d 
and J denotes the moment of Inertia of an actuator about the rotation center. Symbols ^1 and col denote a damping 

55 coefficient and a resonance angle frequency of the first vibration mode and b1 1 and b12 denote transfer coefficients. 
[0022] A system obtained by digitizing the above state equation with a sampling cycle Ts from which a servo signal 
is obtained Is shown by the following (Equation 2). 
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(Equation 2) 



Xn[i + 1] « Ap^jXap] + bp^^Wp] 
y[i] - CpnXn[l] 

Cpn = (l 0 0 O) 



10 



20 



[0023] In the above Equation 2. the subscript [I] of each variable denotes a sampling time (= ixTs). 
[0024] A state estimator (observer) shown by the following (Equation 3) is configured by the controller in accordance 
with the state equation (Equation 2). In the following Equation 3. symbol ^ denotes each state variable or an estimated 
25 value of a state variable vector. Moreover, symbol k denotes an observer gain. 

(Equation 3) 



30 
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Xa[z + 1] = ApadXa[z] + bpodu[z] + k(y[i] - y [/]) 

y[i] = CpaXa[z] 



[0025] Then, a state-feedback controlled variable is computed by the first vibration mode and rigid-body mode esti- 
40 mated by the observer in accordance with the following (Equation 4). In (Equation 4). symbol f denotes a state feedback 
gain. 

(Equation 4) 
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55 

[0026] Figur 4(a) shows the frequency response characteristic of a closed-loop transfer function when the controller 
is configured as described above. Figure 4(b) shows a characteristic when a conventional phase compensation filter, 
for reference is used. Though the control bandwidthwidth is 400 Hz in case of the conventional method {Figure 4(b)}. it 



6 



EP 0 969 465 A1 



is expanded up to 800 Hz in case of this embodiment {Figure 4(a)}. This is because a control input corresponding to the 
vibration state of an actuator can be generated every moment by configuring an observer including the vibration mode 
of the actuator as an internal model and configuring a state-feedback control system using a state variable thereby esti- 
mated and thereby, it is possible to further expand a control bandwidlhwidth than ever. Therefore, the track-following 
5 accuracy of the magnetic head 2 is improved and the capacity of a magnetic disk unit can be increased. 

[0027] For this embodiment, an internal model including only one vibration mode is configured as an observer. How- 
ever, it is also possible to include a plurality of vibration modes in the model. 

(Embodiment 2) 

10 

[0028] Then, the second embodiment of the present invention will be described below. The second embodiment is 
different only in the controHed-variable computing section 4b. internal configuration, and operations of the first embod- 
iment. Portions of the internal configuration of a controller 4 different from those of the embodiment 1 will be described 
below in detail. 

15 [0029] Figure 5 shows the configuration of the controller 4. Similarly to the first embodiment, symbol 4a denotes a 
servo-signal detecting section for detecting a servo signal on a magnetic disk 1 and converting the signal into a digital 
signal, 4b denotes a controlled-variable computing section for computing a controlled variable for positioning a mag- 
netic head 2 on a track in accordance with detected servo information, and 4c denotes a digital-analog converting sec- 
tion for converting a digitally-computed controlled variable into an analog control signal. 
20 [0030] The operation algorithm of the controlled-variable computing section 4b will be desaibed below. Figure 6 
shows frequency-response characteristics of an actuator 3 of this embodiment (the actuator 3 of this embodiment is dif- 
ferent from that of the first embodiment in characteristics). In case of the digital control system like this embodiment, an 
alias vibration mode folded at a Nyquist frequency fs/2 which is 1/2 of the sampling frequency fs appears due to the 
relation between the resonance frequency f 1 and sampling frequency fs of the vibration mode (in case of this embodi- 
es ment, fs = 5400 Hz). In Figure 6, a continuous line shows the original frequency-response characteristic of an actuator, 
and a broken line shows a frequency-response characteristic digitized due to sampling. Though the original resonance 
frequency of the vibration nrode is close to 3.9 kHz, an alias vibration mode occurs at approx. 1.5 kHz due to sampling. 
The controller 4 is designed for the digitized frequency-response characteristic. However, when a digital phase compen- 
sation filter serving as a conventional operation algorithm is used, a phase delay occurs due to an alias vibration mode 
30 nearby 1.5 kHz of the actuator and thereby, a control bandwidthwidth can be expanded only up to approx. 600 Hz. 
[0031] Therefore, this embodiment considers an alias vibration mode corresponding to the original vibration mode of 
the actuator 3 serving as the largest factor for preventing a control bandwidthwidth from expanding. First, the state 
equation of the actuator 3 is shown by the following (Equation 5) by assuming a state variable vector as xp and an input 
current as u. 
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(Equation 5) 
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[0032] In the above (Equation 5), y denotes a radius-directional position to the magnetic disk 1 of the magnetic head 
and e denotes a rotation angle of an actuator which is shown by a relation of y kyxe . Moreover, a ruby " • " (dot) 
denotes time differentiation and q1 denotes the state variable of the original vibration mode of the actuator 3. Further- 
more, as for the equation kv = kl/J , kl denotes a torque constant of a motor configured by the driving coil 3c and the 
permanent magnet 3d and J denotes the moment of inertia of an actuator about the rotation center. Symbol ^1 denotes 
a damping coefficient of the original vibration mode and col denotes a resonance angle frequency of the mode, and b1 1 
and b12 respectively denote a transfer coefficient. 

[0033] A system obtained by digitizing the above state equation with a sampling cycle Is from which a servo signal 
is obtained is shown by the following (Equation 6). 



(Equation 6) 



Xp[i + 1] = Ap^Xp[i] + h^u[i] 
y[i] = CpXpp] 

bpd =J^'exp[ApT]iT-bp 
cp-(l 0 0 O) 
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15 



[0034] In the above (Equation 6), the subscript [1] of each variable denotes a sampling time (= ixTs). 
[0035] The digitized state equation (Equation 6) already includes an alias vibration mode (frequency fa - is- f 1 ) 
folded at a Nyquist frequency (fs/2) instead of the original vibration mode {frequency f1 = <Dl/(2n) }. Therefore, a state 
estimator (observer) shown by (Equation 7) is configured in the controller in accordance with the state equation (Equa- 
tion 6). In the above (Equation 6), symbol denotes each state variable or the estimated value of a state variable vector. 
Moreover, symbol k denotes an observer gain. 

(Equation 7) 

Xp[z + 1] = ApdXp[z] + bpdu[i] + k(y[/] - y [/]) 
y[i] = CpXp[z] 



[0036] Then, a state-feedback controlled variable is computed by using state variables of an alias vibration mode and 
20 rigid-body mode estimated by the observer in accordance with (Equation 8). In the following (Equation 8). symbol f 
denotes a state feedback gain. 

(Equation 8) 

25 

u[i] = fy - (r[i] - y[q) - fr • Xpr[i] 
^W = (yp].xprp]) 

30 



[0037] Figure 7(a) shows frequency-response characteristics of a closed-loop transfer function when configuring the 
controller as described above. Figure 7(b) shows characteristics when using a conventional phase compensation filter, 
for reference. Though the control bandwidthwidth is 600 Hz in case of a conventional method {Figure 7(b)}, the control 
bandwidthwidth is expanded up to 800 Hz in the case of this embodiment (Figure 7(a)}. Moreover, though positions of 

40 a target track are changed due to decentering and vibration, the primary rotational sync component is largest among 
the factors including decentering and vibration in general. In case of this embodiment, the frequency is set to 90 Hz (= 
5400/60). Figure 7(c) shows positioning errors of the magnetic head 2 to a target track when the primary rotational sync 
position fluctuation is added. The conventional case is shown by a broken line and the case of the present invention is 
shown by a continuous line for comparison. As shown in Rgure 7(c), it is found that the positioning error is reduced. 

45 This is because a control input corresponding to the vibrational state of an actuator can be generated every moment by 
configuring an observer including the vibration mode of the actuator in the control! ed-variable computing section 4b of 
the controller 4 as an internal model in the form of an alias vibration mode and moreover configuring a state-feedback 
control system by using a state variable estimated by the observer and thereby, it is possible to further expand a control 
barKiwidth than ever. Therefore, the track-following accuracy of the magnetic head 2 is infproved and the capacity of a 

50 magnetic disk unit can be Increased. 

[0038] As for this embodiment, an internal model including only one alias vibration mode is configured as an observer. 
However, it is possible for the Internal model to include a plurality of vibration modes or include a plurality of alias vibra- 
tion modes or the original vibration mode (having a resonance frequency equal to or lower than a Nyquist frequency). 

55 (Embodiment 3) 

[0039] Then, the third embodiment of the present invention will be described below. The third embodiment is different 
only in the controll ed-variable computing section 4b, internal configuration, and operations of the first embodiment 
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[0040] That is, in case of the first embodiment, the sate estimator (observer) and state-feedback controlled-variable 
computing section performs the above operation whenever a servo signal is detected, that is, at the cycle Ts of the fre- 
quency fs. Thereby, the observer is able to estimate a state variable by including a vibration mode having a resonance 
frequency fs/2 or lower in an internal model in accordance with the sampling theorem and perform the state-feedback 

5 control based on the estimated value. However, to configure an observer for a vibration mode having a higher reso- 
nance frequency as an internal model among vibration modes of an actuator in order to further expand a control band- 
width, it is impossible to estimate the state variable of a vibration mode having a frequency of fs/2 or higher because of 
the sampling theorem. Moreover, there is a problem that the estimation accuracy is lowered if the resonance frequency 
of a vibration mode having a frequency fs/2 or lower is close to fs/2 and resultantly, the control performance is deterio- 

70 rated, that Is. the positioning accuracy is lowered or the transient response is deteriorated. This problem can be avoided 
by raising a servo-signal detection frequency fs. However, raising the frequency fs only increases the number of servo 
signals for one round. As a result, the rate of a servo region occupying a disk increases and the size of an information- 
recordable/reproducibie data region decreases, conflicting with the request for capacity increase. 
[0041 ] Therefore, this embodiment accurately estimates a vibration mode by configuring a multi-rate sampling system 

IS for estimating an observer and computing a controlled variable while signals are detected without increasing the 
number of servo signals. 

[0042] Figure 8 shows an illustration of the internal configuration of the controller 4 of this embodiment. Similarly to 
the case of the first embodiment, symbol 4a denotes a servo-signal detecting section for detecting a servo signal on the 
magnetic disk 1 and converting it into a digital signal, 4b denotes a controlled-variable computing section for computing 
20 a controlled variat>le for positioning the magnetic head 2 on a track in accordance with detected servo information, and 
4c denotes a digital-analog converting section for converting a digitally-computed controlled variable into an analog 
control signal. 

[0043] This embodiment is different from the first embodiment in that a frequency dividing section is used which out- 
puts a timing clock at a cycle 1/5 the servo-signal detection cycle Ts at the detection timing of the servo-signal detecting 

2S section. The controlled-variable computing section 4b operates in accordance with the output of the servo-signal 
detecting section 4a and that of the frequency dividing section 4d. In case of this embodiment. Ts equals 0.027 ms. 
[0044] The operation algorithm of the controlled-variable computing section 4b will be described below. This embod- 
iment also uses an actuator 3 showing the frequency-response characteristics in Figure 3 the same as the first embod- 
iment does and considers up to the first vibration mode. Moreover, an observer for performing estimation at the clock 

30 timing of the frequency dividing section 4d is configured to accurately estimate an actuator state variable including the 
vibration mode. That is, a system obtained by digitizing the state equation of an actuator of (Equation 1} at a cycle of 
Ts/5 is shown by the following (Equation 9). 

35 (Equation 9) 

y[j] = CpnXn[y ] 

^pnd2 = exp[Ap„r]G?T • bp„ 
cpi, = (l 0 0 O) 

50 

In the above (Equation 9), the subscript j of each variable denotes a sampling time (= jxTs/S) based on the frequency 
division cycle of a servo signal. 

[0045] A state estimator (observer) shown by the following (Equation 10) is configured in the controller in accordance 
with the state equation (Equation 9). Symbol k denotes an observer gain. 
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(Equation 10) 
^ When j = 5Tn (m: integer) 

xa[; + 1] = Apnd2Xn[y ] + bpud2u[; ] + k(y[y] - y[; ]) 

When j 9t 5*m 

Xn[ y + 1] = Apnd2Xn[ /' ] + bpnd2U[ j] 

j[;] = CpnXi.[;] 

[0046] As shown by (Equation 10). a configuration Is used in which estimation is performed by using the estimation 
20 error of the observer and the controlled variable u[j] only when detecting a servo signal (j = 5xm , m: integer) and by 
using only the controlled variable u[j] in the cases other than the above case (j^5xm). This configuration makes it pos- 
sible to accurately and stably estimate a state variable while servo signals are detected. 

[0047] Then, a state-feedback controlled variable is computed by using state variables of the first vibration mode and 
rigidity-body mode estimated by the observer in accordance with the following (Equation 11). In the following (Equation 
25 11), symbol f denotes a state feedback gain. 

(Equation 11) 

u[j]^fy-(r[j]-y[j])-fr-Mj] 

HJ]-(yU].Mj]) 



40 [00481 Figure 9(a) shows a step response waveform when the controller is configured as described above. Figure 9(b) 
shows the response characteristic for the first embodiment of the present invention, for reference. From Figure 9(b), it 
is found that the transient response characteristic is extremely preferable. 

[0049] In case of this embodiment, the operation cycle of the observer Is set to a value 1/5 the cycle of a servo signal. 
However, an operation cycle is not necessarily restricted to the above value. It is possible to estimate the state variable 
45 of a vibration mode having a higher resonance frequency as the operation cycle is shortened. Therefore, it is possible 
to select an operation cycle in accordance with the performance of a microcomputer used and a control bandwidth or 
control performance required. 

(Embodiment 4) 

50 

[0050] Then, the fourth embodiment of the present invention will be described below. The fourth embodiment is dif- 
ferent only in the internal configuration of the controlled-variable computing section 4b and operations of the second 
embodiment. 

[0051 ] The operation algorithm of the controlled-variable computing section 4b will be described below. The actuator 
55 3 of this embodiment shows the frequency-response characteristic same as the characteristic shown in Figure 6 (differ- 
ent from tiie first and third embodiments in the characteristic of the actuator 3). In case of the digital control system like 
this embodiment, however, an alias vibration mode folded at the Nyquist frequency fs/2 which is 1/2 the sampling fre- 
quency fs appears due to the relation between the resonarx;e frequency f 1 and sanpling frequency fs (= 5400 Hz) in a 
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vibration mode. That is, as described atwve, though the resonance frequency of the original vibration mode is approx. 
3.9 kHz, an alias vibration mode occurs at a frequency of approx. 1 .5 kHz due to sampling. In this case, when the state 
estimator (observer) and state-feectoack controlled- variable computing section perform the above operation whenever- 
a servo signal is input, that is, at the cycle Is of the frequency fs, the observer is able to estimate the state variable of 

5 a vibration mode having a resonance frequency fs/2 or lower or that of an alias mode by including It in an Internal model 
because of the sampling theorem. However, to further expand a control region, an observer capable of estimating a 
more high-speed and accurate vibration mode is necessary. This can be also realized by raising the servo-signal detec- 
tion frequency fs. However, raising the frequency fs only increases the number of servo signals for one round of a track. 
As a result, the rate of a servo region occupying a disk increase and the size of an information recordable/reproducible 

10 data.region decreases, conflicting with the request for capacity increase. 

[0052] Therefore, this embodiment accurately estimates a vibration mode by configuring a multi-rate sampling system 
for estimating an ofc>server and computing a controlled variable while signals are detected without increasing tiie 
number of servo signals. 

[0053] Figure 1 0 shows an illustration for explaining the internal configuration of a controller of this embodiment. Sim- 
is ilarly to the case of the second embodiment, symbol 4a denotes a servo-signal detecting section for detecting a servo 
signal on the magnetic disk 1 and converting it into a digital signal. 4b denotes a controlled-variable computing section 
for computing a controlled variable for positioning the magnetic head 2 on a track in accordance with detected positional 
information, and 4c denotes a digital-analog converting section for converting a digitally-computed controlled variable 
into an analog control signal. 

20 [0054] This embodiment is different from the second embodiment in that a frequency dividing section for outputting a 
timing clock at a cycle 1/2 the servo-signal detection cycle Ts in accordance witii the detection timing of the servo-signal 
detecting section is provided. The controlled-variable computing section 4b operates in accordance with the output of 
the servo-signal detecting section 4a and that of the frequency dividing section 4d. Therefore, the controlled-variable 
computing section operates at a second sampling frequency fs2 (= 2xfs). In the case of this embodiment, fs2 is set to 

25 10.8 kHz. 

[0055] The operation algorithm of the controlled-variable computing section 4b will be described below. This embod- 
iment also uses an actuator 3 showing the frequency-response characteristics shown in Figure 6 similarly to the case 
of the second embodiment. In this case, the controlled-variable computing section 4b is able to estimate the original 
vibration mode because the frequency of approx. 3.9 kHz (frequency f1) of the mode is lower than the Nyquist fre- 

30 quency (= 5.4 kHz) of the second sampling frequency fs2. However, because the servo-signal detecting section per- 
forms sampling at tiie sampling frequency fs (= 5.4 kHz), an alias vibration mode of approx. 1 .5 kHz in which the original 
vibration mode is folded at a frequency (Nyquist frequency) which is 1/2 the sampling frequency fs also appears. There- 
fore, an observer including the original vibration mode (3.9 kHz) and its alias vibration mode (1.5 kHz) to perform esti- 
mation at the clock timing of the frequency dividing section 4d Is configured in the controlled-variable computing 

35 section. First, the actuator state equation digitized by the cycle Ts shown by (Equation 6) is temporarily inversely-con- 
verted into a continuous time system to obtain the continuous time representation of an alias vibration mode. The fol- 
lowing (Equation 12) shows a system to which the alias vibration mode is newly added and which is adjusted to a DC 
gain equal to the original DC gain (= kvxkv) of the actuator 3. 

40 
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(Equation 12) 
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[0056] In the above (Equation 1 2), symbol q1 denotes the state variable of the original vibration mode of the actuator 
3 and qa denotes the state variable of an alias vibration mode. Symbol CI denotes a damping coefficient of the original 
vibration mode and ©1 denotes a resonance angle frequency of the mode, symbol ^1 a denotes a damping coefficient 
of an alias vibration mode and (ola denotes a resonance angle frequency of the mode, and col Is equal to 2nxU and 
ool a Is equal to 2nx(fs*f 1). Moreover, symbols blV. b12*, bal . and ba2 denote transfer coefficients which are adjusted 
so as to be equal to the DC gain kvxky) of the actuator 3. 

[0057] The following (Equation 1 3) shows a system obtained by digitizing the expanded state equation (Equation 1 2) 
by a frequency-divided sampling cycle, that is, the cycle Ts/2. 
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(Equation 13) 

>'[/] = CpnXo[;] 

\na =exp[Ap„r5/2] 
Cpa = (l 0 0 0 0 O) 



[0058] In the above (Equation 13], the subscript j of each variable denotes a sampling time (« jxTs/2) based on the 
frequency division cycle of a servo signal. 

[0059] The state estimator (observer) shown by the following (Equation 14) is configured in the controller In accord- 
ance with the state equation (Equation 13). Symbol K denotes an observer gain. 

(Equation 14) 



When 


j = 




+1] 


When 





Xn[; + 1] = ApndXa[; ] + bpndu[;] + k(y[; ] - y[;]) 



in[; + 1] = ApadXn[y ] + bpndU[y] 
j>[7]-CpiiXn[;] 



[0060] As shown by (Equation 14), a configuration is used in which estimation is performed by using the estimation 
error of the observer and the controlled variable u[i] only when detecting a servo signal (j = 2xm , m: integer) and by 
using only the controlled variable uQ] in the cases other than the above case (j?^2xm). This configuration makes it pos- 
sible to accurately and stably estimate a state variable while servo signals are detected. 
so [0061 ] TTien. a state-feedback controlled variable is computed by using state variables of the first vibration mode and 
rigidity-body mode estimated by the observer in accordance with (Equation 15). In the following (Equation 15), symbol 
fn denotes a state feedback gain. 
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(Equation 15) 

10 ^ ~ (y^3 ^) 

[0062] By configuring the controller as described above, it is possible to accurately estimate up to a higher-frequency 
IS vibration mode by the observer even during a sampling cycle and Improve the transient characteristic and positioning 
accuracy. 

[0063] As for this entiDOdiment, the operation cycle of the observer is set to a value 1/2 the cycle of a servo signal. 
However, the operation cycle is not necessarily restricted to the above value. It is possible to estimate the state variable 
of a vibration mode having a higher resonance frequency as an operation cycle is further shortened. Therefore, it is pos- 
20 sible to select an operation cycle in accordance with the capacity of a microcomputer used and a control bandwidth or 
control performance required. 

(Embodiment 5) 

25 [0064] Then, the fifth embodiment of the present invention will be described below. 

[0065] Figure 1 1 shows a schematic block diagram of a magnetic disk unit showing an embodiment of the present 
invention. This embodiment is different from the first and third embodiments only in that an acceleration sensor 7 for 
detecting the acceleration of an actuator in the rotational direction is provided, and in the internal configuration of a con- 
troller 4. Therefore, description of common portions is omitted. 
. 30 [0066] Figure 12 shows a schematic block diagram of the controller 4. In Figure 12, symbols 4a, 4c. and 4d are the 
same as those of the err^odiment 3. Symbol 4e denotes an acceleration signal converting section for analog-to-digital- 
converting the signal of an acceleration sensor 7 Into the angular acceleration of the rotational motion of an actuator, 
which performs conversion at the timing of the clock signal of the frequency dividing section 4d. Moreover, the con- 
verted value is outputted to a controlled-variable computing section 4b. 

35 [0067] The operation algorithm of the controlled-variable computing section 4b will be described below. This embod- 
iment also uses an actuator 3 showing the frequency-response characteristic shown in Figure 3 similarly to the case of 
the first and third embodiments and considers up to the first vibration mode. Moreover, to accurately estimate an actu- 
ator state variable Including the vibration mode, a vibration mode observer for estimating only the vibration mode at the 
clock timing of the frequency dividing section 4d and a rigid-body mode observer for estimating a rigid-body mode at 

40 the servo-signal detection timing are configured. 

[0068] First, the vibration mode model of an actuator is shown by (Equation 1 6} and the rigid-body mode model of the 
actuator Is shown by (Equation 17). 
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(Equation 16) 



Xdn = A^Xdn + b^W 
yd - 6 ^ CdnXdn 

/ 0 



Cdn = (^V^7ll kvbll) 



(Equation 17) 



Xr = (y 19)* 

Xr = A^'Sr + h^yd 
y = CrXr 

/O ^y" 
0 0 

'0\ 



7 



Cr = 



(1 0) 



[0069] Symbol xdn denotes the state variable of the vibration oKxie and xr denotes that of the rigid-body mode. More- 
over, yd denotes an angular acceleration corresponding to the output signal of an acceleration sensor. Other symbols 
are the same as the case of the embodiment 1 . 

[0070] The vit>ration mode observer is configured as shown by the following (Equation 19} by using the following state 
equation (Equation 1 8) for the first vibration mode of an actuator digitized with a cycle Ts/5. 
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(Equation 18) 

Xdn[; + 1] = A^^Xdn[j] + h^^u[j] 

yd[j] « CditXdn[y] 

A^d ==exp[A^r5/5] 
Cdn = [kvbu kvbn) 

(Equation 19) 

Xiin[/ + 1] AdndXdn[y] + bdndu[7] + k(yd[y] ~ yd[7]) 
yd[j] = Cdnidii[;] 

[0071] Moreover, the rigid-body mode observer is configured as shown by the following (Equation 21) by using the 
following state equation (Equation 20) for the rigid-body mode of an actuator digitized with a cycle Is. 
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(Equation 20) 




Cr=(l O) 



(Equation 



21) 



Xt[l 

m 



+ 1] = ArdXr[/] + brd • yci[i] + k(y[/] y[i]) 

= CrXrp] 



[0072] According to the above configuration, it is possible to accurately estimate a vibration mode every moment in 
accordance with the signal of an acceleration sensor even while servo signals are not detected and resultantly. it is pos- 
sible to expand a control bandwidth and realize a preferable control characteristic. 

[0073] A state-feedback controlled variable is computed and output by using estimated values of the above state var- 
iables in accordance with the following (Equation 22). 



[0074] In the above (Equation 22), symbols i and j respectively denote a sampling time described for the first and third 
embodiments and the value of a variable shown by the time i is updated every time Ts and that of a variable shown by 
the time j is updated every time Ts/5. Moreover, symbol f denotes a feedback gain. 

[0075] Rgure 1 3 shows the transient response characteristic in the above case. From Figure 1 3. it is found that a pref- 
erable transient response characteristic Is obtained similarly to the case of the embodiment 3 {Rgure 9(a}}. 
[0076] As for the embodiments 3 and 5. the result of improving a transient response characteristic is shown. At the 
same time, there is an advantage of improving the positioning accuracy. Moreover, as described for the embodiment 3, 
a frequency division ratio is not restricted to 5. It is possible to determine the ratio by considering a necessary perform- 
ance and the capacity of a usable hardware resource. 

(Embodiment 6) 

[0077] Then, the sixth embodiment of the present invention will be described below. 



(Equation 22) 



«[/] = ^ • (r[i] - y[i]) - fa ■ g[i] - £, • ^[j] 
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[0078] Figure 14 shows a schematic block diagram of a magnetic disk unit showing an embodiment of the present 
invention. This embodiment is different from the fourth errtoodiment only in that acceleration sensors 7a and 7b for 
detecting the acceleration of an actuator in the rotational direction are respectively set on an actuator 3 and a base 8 to 
which the actuator 3 is provided, and in the internal configuration of a controller 4. Therefore, description of common 
5 portions is omitted. In this case, the acceleration sensors 7a and 7b are set so as to have a sensitivity in almost the 
same direction. Specifically, the sensors 7a and 7b are set so as to have the maximum sensitivity in the rotational direc- 
tion of the actuator 3 when the actuator 3 is present at a neutral position, that is, when the actuator 3 is present at a 
track between the outmost track and the innermost track. 

[0079] Figure 15 shows a schematic block diagram of the controller 4. In Figure 15. symbols 4a. 4c, and 4d are the 
10 same as those used for the embodiment 4. Symbol 4e denotes an acceleration-signal converting section for converting 
the signal of the acceleration sensor 7a or 7b from an analog to digital value, which performs conversion at the timing 
of the dock signal of the frequency dividing section 4d. Moreover, the converted value Is outputted to the controlled- 
variable computing section 4b. 

[0080] The operation algorithm of the controlled-variable computing section 4b will be described below. This embod- 
15 iment also uses the actuator 3 showing the frequency-response characteristic shown In Figure 6 the same as the fourth 
embodiment does. The frequency dividing section 4d generates a timing clock at a servo-signal detection cycle, that is, 
a time Interval 1/2 a sampling cycle similarly to the case of the fourth emlxxliment and the controlled-variable computing 
section 4b operates at the time interval (0.092 ms in the case of this embodiment). Therefore, as the vibration mode of 
the actuator, the original vibration mode (3.9 kHz) and its alias vibration mode (1 .5 kHz) are considered. In case of this 
.20 embodiment, a vibration mode observer for estimating only a vibration mode at the clock timing of the frequency divid- 
ing section 4d and a rigid-body mode observer for estimating a rigid-body mode at the servo-signal detection timing are 
configured in order to accurately estimate an actuator state variable Including these vibration modes. 
[0081] First, an actuator vibration mode model is shown by the following (Equation 23) and an actuator rigid-mode 
model Is shown by the following (Equation 24). 
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(Equation 23) 



Xin 



yd-d- kd{cu - COS0 -at) = CdoXdn 
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Cdn = {]<^^bal kvbaz kvbn kvbu) 



(Equation 24 ) 



y =CrXr 

' 0 0 



b. = 



^0^ 



Cr 



= (1 0) 



[0082] Symbol xdn denotes the state variable of a vibration mode and xr denotes that of a rigid-body mode. IVIoreover. 
symbol yd denotes an angular acceleration generated due to the operation of an actuator. Ihe acceleration sensor 7a 
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set onto the actuator 3 detects not only the acceleration generated due to the operation of the actuator 3 but also the 
acceleration generated due to the movement of the entire disk drive. Moreover, the acceleration sensor 7b set to the 
base 8 detects only the acceleration generated due to the movement of the entire disk drive. 

[0083] When previously fitting the detecting direction of the acceleration sensor 7a to that of the acceleration sensor 
5 7b. It is possible to obtain only the acceleration generated due to the operation of the actuator 3 by producing the differ- 
ence between the detecting directions. In this case, the detecting directions of the acceleration sensors 7a and 7b are 
not fitted to each other due to the actuator 3. However, the position of the magnetic head 2 In the radius direction of the 
disk 1 is obtained from the track number included in a servo signal detected by the magnetic head 2. Therefore, the 
rotational angle of the actuator 3 from the base 8 is obtained and thereby, the shift of an acceleration sensor In the 
10 detecting direction is obtained. The shift is the rotation angle 0 of the actuator 3. 

[0084] In case of this embodiment, the acceleration sensors 7a and 7b are set so that their detecting directions are 
fitted to each other when the rotation angle 9 of the actuator 3 Is equal to 0. Moreover, symbol kd denotes a conversion 
coefficient for converting a translational acceleration obtained from the acceleration sensor 7a or 7b through operation 
into an angular acceleration. Other symbols are the same as the case of the embodiment 4. 
IS [0085] Then, the vibration mode observer is configured as shown by the following (Equation 26) in accordance with 
the following (Equation 25) serving as a state equation for the original vibration mode of an actuator digitized with a 
cycle Ts/2. 

(Equation 25) 

zo 

Xd«[; +1] = A^^jidnlj] + h^^u[j] 
txp[A^Ts/2] 

(Equation 26) 

35 

Xia[; + 1] = Adi,dXdii[; ] + bdndu[7] + k(yd[y ] - yd[;]) 

yd[7] = CdnXdn[/] 

45 [0086] Moreover, the rigid-body mode observer is configured as shown by the following (Equation 28) in accordance 
with the following (Equation 27) serving as a state equation for the rigid-body mode of an actuator digitized with a cycle 
Ts. 
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(Equation 27) 

xr[i + 1] = ArfXr[j] + h^y4i] 

y\i] « CrXr[i] 

Ki = exp[A^5] 

Cr = (l O) 

(Equation 28) 

Xr[i + 1] = ArdXr[i] + brd • yd[i] + k(y [/] - y[i]) 

y[i] = CrXr[z] 



35 [0087] According to the above configuration, it is possible to accurately estimate a vibration mode every moment in 
accordance with the signal of an acceleration sensor even while servo signals are not detected and resultantly. expand 
a control bandwidth and realize a preferable control characteristic. 

[0088] A state-feedback controlled variable is computed by using these state variables in accordance with the follow- 
ing (Equation 29) and outputted. 
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(Equation 29) 



«[;■] - A • ir[i] - y[i]) - fi ■ e[i] - fd, • idn[7 ] 

fd = ifify ft fdr) 



[0089] In the at>ove (Equation 29), symtxsis I and j respectively show a sampling time described in the en^odiment 
2. It is shown that the value of a variable shown by the time i is updated every time Ts and a variable shown by the time 
j Is updated every time Ts/2. Moreover, symbol fd denotes a state feedback gain. 
55 [0090] By using the above configuration, the vibration mode of tiie actuator 3 including a high-frequency signal com- 
ponent is quickly and accurately estimated with a vibration mode observer operating at a high speed and the rigid-body 
mode conprising a relatively-iow-frequency signal component is estimated with a rigid-body mode observer operating 
at the normal sampling frequ ncy. Therefore, it is possible to accurately estimate the state variat>le of the actuator 3. 



22 



BP 0 969 465 A1 



Thereby, an advantage is obtained that the transient response characteristic and positioning accuracy are improved. 
[0091] Moreover, as described for the embodiment 4. a frequency division ratio is not restricted to 2. It is possible to 
determine the ratio by considering a necessary performance and the capacity of a usable hardware resource. 

5 Industrial Applicability 

[0092] As described above, the present invention makes it possible to expand a control bandwidth up to 1/5 or more 
the resonance frequency of the vibration mode of an actuator and resultantly, improve the positioning accuracy of a 
magnetic head and decrease a track interval. Therefore, an advantage is obtained that the capacity of a magnetic disk 
10 unit can be increased. Moreover, by applying the present invention to otiier information recording/reproducing appara- 
tus for recording or reproducing information by returning the servo information of a head and thereby positioning the 
head, an advantage is also obtained that the capacity of the information recording/reproducing apparatus can be 
increased. 

IS Claims 

1. An information recording/reproducing apparatus comprising: 

a head for recording or reproducing information while moving relatively to an information recording/reproducing 
20 medium: 

an actuator for supporting the head and movable in accordance with a command: and 

a control section for supplying a command to the actuator in accordance with a signal reproduced by the head 

to control the movement of the actuator, characterized in that 

tiie actuator has at least one vibration mode in addition to a movement mode as a rigid body, and 
25 the control section includes a state estimating section for estimating quantities of states of the vibration mode 

and rigid-body mode of the actuator In accordance with a signal reproduced by tiie head and a controlled var- 
iable corresponding to a movement command to the actuator by using an internal model including at least one 
vibration mode of the actuator and a control I ed-variable generating section for generating the controlled varia- 
ble in accordance with each estimated quantity of state estimated by the state estimating section. 

30 

2. The Information recording/reproducing apparatus according to claim 1. characterized in that the vibration mode 
included in the internal model of the state estimating section has a natural frequency within 15 times the control 
bandwidth frequency of the actuator. 

35 3. The information recording/reproducing apparatus according to either one of claims 1 and 2. characterized in that 
as for the vibration mode included in the internal model of the state estimating section, the frequency characteristic 
of a transfer function shows a phase-delay characteristic neaiby a natural vibration frequency 

4. The information recording/reproducing apparatus according to claim 1, characterized in that the conti"ol section is 
40 provided with an analog-digital converting section for detecting a servo signal out of signals reproduced by the head 

and converting the servo signal into a digital signal and a digital-analog converting section for converting a control- 
led variable into an analog signal at the conversion frequency fs of tiie analog-digital converting section, and the 
state estimating section and the controll ed-variable generating section performs digital operations every cyde Ts 
(= 1/fs) of the frequency fs. 

45 

5. The information recording/reproducing apparatus according to claim 4, characterized in tiiat tiie frequency of a 
vibration mode included in the internal model of the state estimating section is 1/2 the conversion frequency fs of 
an analog-digital converting section or lower. 

50 6. The information recording/reproducing apparatus according to eitiier of claims 4 and 5. characterized in that as for 
the vibration mode included in the internal model of tiie state estimating section, the frequency characteristic of a 
transfer function shows a phase-delay characteristic nearby a natural vibration frequency. 

7. The information recording/reproducing apparatus according to claim 4, characterized in that the state estimating 
55 section has at least one alias vibration mode having a frequency in which a vibration mode having a natural fre- 
quency higher than a Nyquist frequency (fs^2) serving as the frequency of a conversion frequency fs of the analog- 
digital converting section among vibration modes of the actuator Is fok^ed at the Nyquist frequency as an internal 
model. 
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8. The information recording/reproducing apparatus according to claim 7, wherein the frequency of the alias vibration 
mode included in the internal model of the state estimating section is 1/2 the conversion frequency fs of the analog* 
digital converting section or lower. 

5 9. The information recording/reproducing apparatus according to either one of claims 7 and 8, characterized in that 
as for the alias vibration mode included in the internal model of the state estimating section, the frequency charac- 
teristic of a transfer function shows a phase-delay characteristic nearby a natural vibration frequency 

10. The information recording/reproducing apparatus according to claim 1. characterized in that 

10 

the control section is provided with an analog-digital converting section for detecting a servo signal out of sig- 
nals reproduced by the head and converting the servo signal into a digital signal and a digital-analog convert- 
ing section for converting a controlled variable into an analog signal at the conversion frequency fs of the 
analog-digital converting section; and 
IS the controlled-variable generating section performs digital operation every cycle Ts (= 1/fs) of the frequency fs 

and performs digital operation every cyde Ts2 (= 1/fs2) of a frequency fs2 different from a frequency fsl. 

11. The information recording/reproducing apparatus according to claim 10, characterized in that the frequency fs2 Is 
higher than the frequency fs. 

20 

12. The information recording/reproducing apparatus according to claim 10. characterized in that the relation between 
the frequency fs2 and the frequency ifs Is shown as fs2 = Nxfs (N: Integer of 2 or more). 

13. The information recording/reproducing apparatus according to claim 10, 11. or 12, characterized in that 

25 

If a servo signal is detected between the present time t and the time t-Ts2 and converted into a digital signal 
by the analog-digital converting section when the state estimating section operated at the cycle Ts2 performs 
digital operation, the section estimates a quantity of state by using the digital signal of the servo signal and a 
controlled variable serving as an output of the controlled-variable generating section as inputs, and 
30 if a servo signal is not detected between the present time t and the time t-Ts2, the state estimating section esti- 

mates a quantity of state by using the controlled variable serving as the output of the controlled-variable gen- 
erating section as an input. 

14. The information recording/reproducing apparatus according to any one of claims 10 to 13. characterized in that the 
35 frequency of a vibration mode included In the Internal model of the state estimating section is 1^ the frequency fs2 

or lower. 

15. The information recording/reproducing apparatus according to any one of claims 10 to 14. characterized in that as 
for the frequency of a vibration mode included in the internal model of the state estimating section, the frequency 

40 characteristic of a transfer function shows a phase-delay characteristic nearby a natural vibration frequency 

16. The information recording/reproducing apparatus according to claim 10, characterized in that the state estimating 
section has at least one alias vibration mode having a frequency in which a vibration mode having a natural fre- 
quency higher than a second Nyquist frequency (fs2/2) serving as a frequency 1 /2 the frequency fs2 out of vibration 

45 modes of the actuator is folded at the second Nyquist frequency as an internal model. 

17. The information recording/reproducing apparatus according to daim 16. characterized In that the frequency fs2 Is 
higher than the frequency fs. 

so 18. The information recording/reproducing apparatus according to claim 1 7, characterized in that the relation between 
the frequency fs2 and the frequency fs is shown as fs2 = Nxfs (N: integer of 2 or more). 

19. The information recording/reproducing apparatus according to claim 16, 17. or 18. characterized in that 

55 when a state estimating section operating at the cyde Ts2 perform digital operation. 

if a servo signal is detected between the present time t and the time t-Ts2 and converted into a digital signal 
by an analog-digital converting section, the section estimates a quantity of state by using the digital signal of 
the servo signal and a controlled variable serving as an output of a controlled-variable generating section as 
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inputs, and 

if a servo signal is not detected between the present time t and the time t-Ts2, the section estimates a quantity 
of state by using a controlled variable serving as an output of the controlled-variatile generating section as an 
input. 

5 

20. The information recording/reproducing apparatus according to claim 16, 17. 18, or 19, characterized in that the fre- 
quency of the alias vibration mode included in the internal model of the state estimating section is 1/2 the frequency 
fs2 or lower. 

10 21 . The information recording/reproducing apparatus according to any one of claims 16 to 20, characterized in that as 
for the frequency of the alias vibration mode included in the internal model of the state estimating section, the fre- 
quency characteristic of a transfer function shows a phase-delay characteristic nearby a natural vibration fre- 
quency. 

IS 22. The recording/reproducing apparatus according to daim 1 , characterized In that a vibration sensor for detecting the 
vibration of the actuator is included and the state estimating section estimates quantities of states of the vibration 
mode and rigid-body mode of the actuator in accordance with a signal reproduced by the head, a controlled varia- 
ble corresponding to the movement command to the actuator, and a signal output from the vibration sensor. 

20 23. The information recording/reproducing apparatus according to claim 22, characterized in that 

the control section has an analog-digital converting section for detecting a servo signal out of signals repro- 
duced by the head and converting the servo signal into a digital signal, a digital-analog converting section for 
converting a controlled variable into an analog signal at the conversion frequency fs of the analog-digital con- 
25 verting section, and a second analog-digital converting section for converting a signal output from the vibration 

sensor into a digital signal at a frequency fs2 different from the frequency fs, 

the state estimating section has a vibration mode estimating section constituted of an internal model including 
at least one vibration mode instead of the rigid-body mode of the actuator and a rigid-body mode estimating 
section configured by an internal model including a rigid-body mode instead of a vibration mode. 
30 the controlled-varlable generating section and the rigid-body mode estimating section perform digital opera- 

tions every cycle Ts 1/fs) of the frequency fs. 

the vibration mode estimating section performs digital operation every cycle Ts2 (= 1/fs2) of the frequency fs2 
and estimates the quantity of state of the vibration mode of the actuator by using the controlled variable serving 
as an output of the controlled -variable generating section and the digital signal of the vibration sensor as 
35 inputs, 

the rigid-body mode estimating section estimates the quantity of state of the rigid-body mode of the actuator 
by using the digital signal of the vibration sensor and the digital signal of the servo signal as Inputs, and 
the controlled- variable generating section generates the controlled variable in accordance with estimated 
quantities of states of the vibration mode estimating section and rigid-body mode estimating section. 

40 

24. The information recording/reproducing apparatus according to claim 23, characterized in that the frequency fs2 is 
higher than the frequency fs. 

25. The Information recording/reproducing apparatus according to claim 23. characterized in that the relation between 
45 the frequency fs2 and the frequency fs is shown as fs2 s Nxfs (N: integer of 2 or more). 

26. The information recording/reproducing apparatus according to claim 23. 24, or 25, characterized in that the fre- 
quency of a vibration mode included In the Internal model of the state estimating section is 1/2 the frequerrcy fs2 or 
lower. 

so 

27. The information recording/reproducing apparatus according to any one of claims 23 to 26, characterized in that as 
for the frequency of a vibration mode included In the Internal model of the state estimating section, the frequency 
characteristic of a transfer function shows a phase-delay characteristic nearby a natural vibration frequency. 

55 28. The information recording/reproducing apparatus according to any one of claims 23 to 27, characterized In that the 
vibration mode sensor is an acceleration sensor. 

29. The Information recording/reproducing apparatus according to daim 1. characterized in that 
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a first vibration sensor for detecting the vibration of the actuator and a second vibration sensor for detecting the 
vibration of a base set to the actuator are included, and 

the state estimating section estimates quantities of states of the vibration mode and rigid-body mode of the 
actuator in accordance with a signal reproduced by the head, a controlled variable corresponding to a move- 
5 ment command to the actuator, and signals output from the first and second vibration sensors. 

30. The information recording/reproducing apparatus according to claim 29, characterized in that 

the control section has an analog-digital converting section for detecting a servo signal out of signals repro- 
duced by the head and converting the servo signal into a digital signal, a digital-analog converting section for 
converting a controlled variable into an analog signal at the conversion frequency fs of the analog-digital con- 
verting section, and a second analog-digital converting section for converting signals output from the first and 
second vibration sensors into digital signals at a frequency fs2 different from the frequency fs, 
the state estimating section has a vibration mode estimating section configured by an internal model including 
at least one vibration mode instead of the rigid-body mode of the actuator and a rigid-body mode estimating 
section corrfigured by an internal model including a rigid-tx>dy mode instead of a vibration mode, 
the controlled-variable generating section and the rigid-body mode estimating section perform digital opera- 
tions every cycle Ts (= 1/fs) of the frequency fs, 

the vibration mode estimating section performs digital operation every cycle Ts2 (= 1/Js2) of the frequency fs 
and estimates the quantity of state of the vibration mode of the actuator by using the controlled variable serving 
as an output of the controlled-variable generating section and digital signals of tiie first and second vibration 
sensors as inputs, 

the rigid-body mode estimating section estimates the quantity of state of the rigid-body mode of the actuator 
by using the digital signals of the first and second vibration sensors and the digital signal of the servo signal as 
inputs, and 

tiie conti'olled-variable generating section generates the controlled variable in accordance with estimated 
quantities of states of tiie vibration mode estimating section and rigid-body mode estimating section. 

31. The information recording/reproducing apparatus according to claim 30, characterized in that the frequency fs2 is 
30 higher tiian the frequency fs. 

32. The information recording/reproducing apparatus according to claim 30, characterized in that the relation between 
the frequency fs2 and the frequency fs is shown as fs2 = Nxfs (N: integer of 2 or more). 

35 33. The information recording/reproducing apparatus according to claim 30, 31, or 32, characterized in that the fre- 
quency of a vibration mode included in the internal model of the state estimating section is 1/2 the frequency fs2 or 
lower. 

34. The information recording/reproducing apparatus according to any one of claims 30 to 33, characterized in that as 
40 for the frequency of a vibration mode included in the internal model of the state estimating section, the frequency 

characteristic of a transfer function shows a phase-delay characteristic nearby a natural vibration frequency 

35. The information recording/reproducing apparatus according to any one of claims 30 to 34, characterized in that the 
vibration mode sensor is an acceleration sensor. 

4S 

36. The information recording/reproducing apparatus according to any one of claims 1 to 35, characterized in that tiie 
infornnation recording/reproducing medium is a magnetic disk and the head Is a magnetic head. 
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